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Abstract 

Spin-l/2 baryons are considered as a composite system made out of a "core" 
of three quarks surrounded by a "sea" (of gluons and (/(/-pairs) which is spec- 
ified by its total quantum numbers. Specifically, we assume this sea to be 
a flavor octet with spin-0 or 1 but no color. We show our model can pro- 
vide very goods fits to magnetic moments and semileptonic decay data using 
experimental errors. The predictions for spin distributions are in reasonable 

agreement with experiment. 
PACS Numbers: 13.30. Ce, 13.40.Em, 14.20.-c 
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I. INTRODUCTION 



The expectation of the standard quark model (SQM) that the valence quarks give dom- 
inant contribution to the low energy properties of the spin 1/2 baryons has had limited 
quantitative succes. Recent experiments show that the valence quarks cannot even account 
for the proton spin JO. One must go beyond SQM. 

In reality quarks interact and one expects the physical hadrons to consist of valence 
quarks surrounded by a "sea" which in general contains gluons and virtual quark- ant iquark 
(qq) pairs. Different treatments of the sea can be found in the literature • We model 
the general sea by its total quantum numbers (flavor, spin, and color) which are such that 
the sea wavefunction when combined with the valence quark wavefunction gives the desired 
quantum numbers for the physical hadron. 

In particular, the spin 1/2 baryons are pictured as a composite system made out of a 
baryon "core" of the three valence quarks (as in SQM) and a flavor octet sea with spin 
and 1 but no color. The physical baryon wavefunction incorporating such a "sea" was 
used by us to calculate the baryon magnetic moments ||. Very good fits to the magnetic 
moment data using experimental errors were obtained. The purpose of this paper is to 
apply this wavefunction to other low energy properties of the spin 1/2 baryons (p, n, A, . . .) 
like semileptonic decays (SLD) and baryon spin distributions. 

In Sec. [n]we gi ye t ne wavefunction for the physical baryons constructed from the valence 
quarks and our model for the sea. Sec. [I(| summarizes the results for magnetic moments 
obtained earlier ||. Sec. [TV] discusses the application to Ga and Gy for SLD. Sec. |V| gives 



the results for combined fits to 8 magnetic moment data and the 4 Ga/Gy data. Sec. |V] 



discusses implications of these fits for the nucleon spin distribution data. Sec. |VII| gives a 
brief summary. 
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II. SPIN 1/2 BARYON WAVEFUNCTION WITH SEA 

The general physical baryon given below in Eq. ([]]) was given earlier in Ref. ||. We 
give its basic details here not only to establish our notation but also to make this paper 
self-contained. 

We assume the core baryon wavefunction to be given by the SQM. For the SU(3) flavor 
octet spin 1/2 baryons we denote the SQM or q 3 wavefunction by 5(8, 1/2). These octet 
states are denoted by p, £ + , A, etc. The sea is assumed to be a color singlet but with spin 
and flavor. Its £7/7(3) flavor singlet and octet wavefunctions are denoted by £7(1) and £7(8). 
These can carry spin (wavefunction Hq) or spin 1 (wavefunction Hi). In our model the 
general sea is described effectively by the four wavefunctions £7(1)5 , £>(8)5 , S(l)Hi, and 
£7(8) .Hi. We refer to the even parity spin (spin 1) sea as scalar (vector) sea. The £7/7(3) 
symmetric and spinless sea component implicit in SQM is described by £7(1)5 . 

The total flavor-spin wavefunction of a spin up (j) physical baryon, which consists of 3 
valence quarks and a sea component as above, can be written schematically as 

5(1/2 T) = 5(8, 1/2 T)5 £7(l) + b [5(8, 1/2) <g> Hi] ? £7(1) 

+ J2 a(N) [5(8, 1/2 T)5 ® £7(8)] (1) 

N 

+ £ b(N) { [5(8, 1/2) ® ffjt® £7(8)}^ . 

N 

The normalization not indicated here is discussed later. The first term is the usual q 3 - 
wavefunction of the SQM and the second term (coefficient bo) comes from a flavored singlet 
vector (spin-1) sea which combines with the spin 1/2 core baryon 5 to form a spin l/2f 
state. So that, 

5(8, 1/2) ® H^ = ^5(8, 1/2 l)H 1A - J^B(8, 1/2 t)5 1)0 . (2) 

The third (fourth) term in Eq. ([I]) contains a scalar (vector) sea which transforms as a 
flavor octet. The £7/7(3) flavor representations obtained from 5(8) ® £7(8) are labelled by 
N = 1, 8f, 8d, 10, 10, 27. The color wavefunctions have not been indicated since the three 
valence quarks in the core 5 and the sea (by assumption) are in a color singlet state. 



As it stands, Eq. ([]]) represents a spin 1/2 j baryon which is not a pure flavor octet but 



has an admixture of other £77(3) representations determined by the parameters a(N) and 
b(N) for N = 1, 10, 10, 27. However, our wavefunction respects isospin (J) and hypercharge 
(y), so that the physical baryon B (p, n, A, etc.) have the usual I and Y properties. 
The sea isospin multiplets contained in the octet £(8) are denoted as 



The suffix on the components label the isospin and hypercharge quantum numbers. Note, 
the familiar pseudoscalar mesons are used here as subscripts only to label the flavor quantum 
numbers of the sea states. All the components of £(8) have J p = + or 1 + as mentioned 
earlier. For example, £„.+ has I = 1, I3 = 1 and Y = 0; Sk- has I = 1/2,1% = —1/2, 
and Y = — 1; etc. These flavor quantum numbers when combined with those of the three 
valence quarks states B will give the observed J, 7 3 , and Y for the physical states B. 
The flavor combinations in the third and fourth terms in Eq. (|1|) imply that the physical 
states B(Y, I, I3) are expressed as a sum of products of B(Y, I, J 3 ) and the sea components 
S(Y, I, I 3 ), weighted by some coefficients oti which are linear combinations of the coefficients 
a(N) and b(N). Schematically, the flavor content of the third and fourth terms in Eq. (|Ij) 
is of the form (suppressing ^3) 



where the sum is over all Y iy Ii, (i = 1,2); such that: Y = Y\ +Y 2 and I = + I 2 . The flavor 
content of B(Y, I, J 3 ) in terms of B(Y, I, I3) and sea components are given in Table |. The 
corresponding coefficients etc. expressed in terms of the coefficients a(N) (for the 

scalar sea) are recorded in Table f|. In Table | we have denoted B(Y, I, I 3 ) and S(Y, I, J 3 ) 
by appropiate symbols, e.g., B(l, 1, 1/2) by p, 5(0, 1, 1) by S n +, etc. Since the flavor content 
of the fourth term with vector sea is the same as for the scalar sea, the contribution of the 
fourth term in Eq. (j^) to the physical baryon state can be obtained by using Eq. (^) and 
Tables | and with the replacement a(N) -> b(N) for N = 1, 8 F , 8 D , 10, 10, 27. For later 




(S K +, S K o), 



(Sko, Sk~), and S^. 



(3) 



B(Y, I) = <*i{Y u Y 2 , I u I 2 ) B(Y U h)S(Y 2 , 1 2 ) 



(4) 
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use, the coefficients obtained by changing a(N) — > b(N) in Pi, Pi, 7$, and 5i will be denoted 
by fy, P[, 7-, and 5[. In Tables | and |I| for the reduction of B(8) <8> S(8) into various SU(3) 
representations we have followed the convention used by Carruthers j9]. 

The normalization of the physical baryons wavefunction in Eq. can be obtained 
by using (HtlHj) = 5 {j , (B(Y, I, I 3 )\B(Y', V , I' 3 )) = (S(Y, I, I 3 )\S(Y', V , I' 3 )) = 6 YY ,6 n ,6 hI ,. 
However, it should be noted that the normalization are different, in general, for each B(Y, I) 
state. This is because not all a(N) and b(N) contribute to a given (Y, J)-multiplet as is clear 
from Tables | and ||. For example, a(l) and 6(1) contribute only to A while a(10) and 6(10) 
do not contribute to the nucleon states. Denoting by N±, N 2 , N 3 , and N4, the normalization 
constants for the (p,n), (H°,H~), (E^E ), and A isospin multiplets, one has 

N 2 = N 2 + a 2 (10) + b 2 (10) , (5a) 
N 2 = N 2 + a 2 (10) + 6 2 (10), (5b) 
^3 2 = ^ 2 + E [a 2 (N)+b 2 (N)], (5c) 

JV=10,10 

iV 2 = iV 2 + a 2 (l) + & 2 (l), (5d) 

where, 

iV 2 = l + ^+ E [a 2 (N) + b 2 (N)}. (5e) 

7V=8 D ,8 F ,27 

For example, using Tables | and and Eqs. ([5]), the physical spin-up proton state as given 
by Eq. (§ is 

Nt\p T) = \p T)W(l) + b \(p ® #i) T )S(l) 

+Pi\P 1)S V + P 2 \~A VS K+ +p 3 \(N T S;)i/2,i/2) + T S K ) 1M2 ) (6) 

+P' 1 \{p Hi)^)S v + P' 2 \(A ® H^)S K+ 

+P' 3 \((N ® #1)^)1/2,1/2) + <g) #1)^)1/2,1/2), 



where (B <g> #i) T are given in Eq. (§) and # = [36(27) - 6(8 D ) + (&(8 P ) + 6(10))/2]/ v / 20, 
and so on. Other baryon wavefunctions will have a similar structure. Also, (N | SV) 1/2,1/2 
((E f S'a')i/2,i/2) stand for the I = I3 = 1/2 combination of the J = 1/2 iV (Sk) and J = 1 
SV (E) multiplets. 

For any operator O which depends only on quarks, the matrix elements are easily ob- 
tained using the ortogonality of the sea components. Clearly (p j \0\p |) will be a linear 
combination of the matrix elements (B f |0|J3' |) (known from SQM) with coefficients 
which depend on the coefficients in the wavefunction. 

For applications, we need the quantities (Aq) B , q = u,d,s; for each spin-up baryon B. 
These are defined as 

(Aq) B = n B {q |) - n B {q |) + n B (q T) - n B {q [), (7) 

where n B (q f) (n B (q J.)) are the number of spin- up (spin-down) quarks of flavor q in the 
spin-up baryon B. Also, n B (q f) and n B (q J.) have a similar meaning for antiquarks. 
However, these are zero as there are no explicit antiquarks in the wavefunctions given by 
Eq. ([I]). The expressions for (Aq) B are given in Table [ITT] in terms of the coefficients bo, 
Pi, fy, etc. Note that the terms involving b , P[, P[, 7^, and are multiplied by the factor 
—1/3 which comes from Eq. (§) on taking the matrix element of the operator Aq. The 
expressions for (Aq) B reduce to the SQM values if there is no sea contribution, that is, 
b = 0, a(N) = b(N) = 0, N = 1, 8 F , 8 D , 10, fO, 27. Moreover, the total spin S z of a baryon 
is given by S B = (l/2)J2 q (Aq) B + (A(sea)) B , where the second term represents the spin 
carried by the sea and depends solely on b and 6(iV)'s, the coefficients determining the 
vector sea. For Sf = 1/2, we expect J2 q {Aq) B = 1 for a purely scalar sea, i.e., when 6 and 
all b(N)'s are zero. This is indeed true for each baryon as can be seen from Table [[II]. There 
are three (Aq) B (q = u, d, s) for each (Y, J)-multiplet. These twelve quantities and (Ag) s ° A 
are given in terms of the thirteen parameters of Eq. (j^) as our spin 1/2 baryons do not 
belong to a definite representation of SU(3). To obtain a flavor octet physical baryon one 
restricts N to 8 F and 8 D in Eq. (0), that is, put a(N) = b(N) = for iV = 27, 10, fO, 1, so 
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that the twelve (Ag) B are given in terms of five parameters 60, ^(N), b(N) with N = 8f, 8d- 
In our wavefunction, each physical baryon is represented as a superposition of different 
combinations of the core baryons with the appropiate sea states resulting in a very different 
quark content for the physical baryon state B(Y, I, I3). For example, the physical proton p 
will contain terms involving p, A, £+, etc. plus sea and can have non-zero strange quark 
content unlike in SQM. In our model, the baryon B is part of the time just B with an inert 
sea (first term in Eq. ([!])) and part of the time B plus a sea with flavor and spin. 

How do the sea wavefunctions with J p = + or 1 + and the above flavor properties arise? 
One way a sea with flavor 8 property can arise is from Goldstone bosons (usual J p = 0~ 
pseudoscalar mesons, 7r ± , K ± , etc.). Their effect on baryon structure has been considered 
recently fllQf . These can combine with gg-pairs or gluons to give the total quantum numbers 
for the sea considered by us. 

Our approach can be used to construct wavefunctions for other hadrons incorporating a 
sea specified by total quantum numbers. Also, since we have an explicit wavefunction we 
can calculate all relevant physical quantities in terms of the parameters in the wavefunction, 
namely, bo, a(N)'s, and 6(JV)'s. Since, there is no a priori theoretical knowledge which of 
these are important, we determine them by confronting the predictions of our wavefunctions 
with experiment. 

III. APPLICATION TO MAGNETIC MOMENTS 

For this purpose, the baryon magnetic moment operator fi was assumed to be expressed 
solely in terms of valence quarks (in B) so that fi = J] (? (eg/2m g )(T| (g = u, d, s). In principle, 
we could consider a magnetic moment operator ft^ for the 'sea' and through which the 
vector sea would contribute to We do not include such a direct sea contribution as it 
would involve unknown parameters like /is + , fis K _ , etc. Furthermore, the sea is specified 
by its total quantum numbers. Since a given set of quantum numbers can be achieved by a 
multitude of different configurations of gg-pairs and gluons, one may assume that the overall 
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contribution due to fi^ is negligible. It is clear from Eq. ([I]) that /jlb = (B\£l\B) will be a 
linear combination of \i B and [i^-^ weighted by coefficients which depend on b , a(iV)'s, and 
6(iV)'s. The fi B and /^o^ (for the core baryons) are given in terms of the quark magnetic 
moments \x q as per SQM. For example, jip = (Afi u — /id)/3, pi^ = /igoA = (z 1 " ~ ^d)/V^, 
etc. Consequently, one obtains (for B = p, n, A, . . .) 

= J2( A l) B t i q, (q = u,d,s); (8a) 
<? 

ME o A = ^(Ag) s °V g , (g = «,d); (8b) 



where the (Aq) B and (Ag) s A are given in Table III , 

For the fits \x q (or equivalently m q ) were also treated as parameters. The details of the fits 
and discussion can be found in Ref. ||. There, using experimental errors we had obtained 
two excellent six parameters fits to the eight magnetic moment data. The details of these 
fits (called Case 1 and 2 in Ref. ||) are given here for sake of completeness: 

Case 1. The values \i u = 2.5007/ijv, \i& = —1.3058^, /x s = — 0.8233/^, a(8p) = 
-0.1536, a(10) = 0.5065, and 6(8 P ) = 0.5272 of the six parameters gave a x 2 /DOF = 1.95/2. 

Case 2. The values \i u = 2.4748/i7v, — — l-3010/ijv> A*s — — 0.8243/iAr, a(8p) = 
-0.1466, a(10) = 0.4941, and b = 0.4779 of the six parameters gave x 2 /DOF = 2.09/2. 

A comparison of the two fits shows: (a) The values of the quark masses satisfy m u w 
ma ~ 0.6m s in accord with quark model expectations for both fits. Also, the masses in the 
two cases are practically the same, (b) In either case, the scalar sea is described by the 
same two parameters a(8p), and a(10) which have nearly the same values, c) In both the 
cases, the vector sea is described by only one parameter but its nature is very different in 
the two cases. In Case 1, the vector sea carries flavor (parameter 6(8f)) while in Case 2 it 
is flavorless (parameter bo), (d) The SU(3) breaking effects in the wavefunction are solely 
due to the scalar sea parameter a(10). (e) Both fits give (Au) p ~ 1, (Ad) p w —0.25 with a 
small value of (As) p with different sign in the two cases: for Case 1, (As) p ~ —0.009 while 
for Case 2, (As) p w 0.003. 
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The 3-parameter function determined by the magnetic moments can be used to predict 
other data. We consider the predictions for the semileptonic decays below. 



IV. SEMILEPTONIC DECAYS (SLD) 

For the semileptonic decay B — > B' + (lepton pair) we need to calculate the matrix 
elements Gv,a(B — ► B') = (B'\Jv,a\B), of the charged changing hadronic vector (J v ) and 
axial- vector {J a) currents using our wavefunction. We discuss this below for both AS* = 
and AS = 1 decays separately. 

A. AS = decays 

These decays at a quark level represent a d —>■ u transition. 

a) Gy(B — > B'). The vector current Jy(AS = 0) = I + the total isospin raising oper- 
ator for the physical baryons. Since our general wavefunction (in Eq. (|l|)) respects isospin 
symmetry, the allowed Gy(B — > B') are easily calculated. For example, since the physical 
nucleons (p, n) form a / = 1/2 doublet, Gy(n — > p) = (p\Jy(AS = 0)\n) = 1 and similarly 
since A and E ± belong to different isospin representations, Gv(S ± — > A) = 0. 

Morever, since I + is a generator of the isospin symmetry it can be written simply as 




where "g" and "s" refer to "quark" and "sea" parts. The current operator Jy (AS = 0) = 
Y^ q 1+ acts on the quarks in the core baryons B and is the isospin raising operator for the B 
states so that (E q I { +)\n) = \p), (X q I { +)\Z°) = V2\t + ), etc. Similarly, 4 s) (A5 = 0) = /| s) 
acts on sea states in S(8) given in Eq. (§), so that I^\S n o) = y/2\S 7T +), etc.Q It is clear that 

In our convention, the isospin multiplets in 5(8) are (p,n), (S + ,E ,E _ ), (H ,H"), and A. The 
multiplets in 5(8) are given in Eq. (||). The raising and lowering operators obey the standard 
(Condon-Shortley) SU (2) phase conventions. 
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(pa|) is equivalent to 

J V (AS = 0) = 4 q \AS = 0) + 4 s) (A5 = 0). (9b) 

Using Eqs. ([J) (and the conventions of Ref. 0) one can explicitly verify that for AS = 
decays our wavefunctions in Eq. ([TJ) gives the Gy(B — > 5') listed in column 2 of Table [TV]. 

6 J Ga{B — > 5'). The total axial current Ja(AS = 0) can be written in terms of a quark 
part J £ (AS = 0) and a sea part J A (AS = 0). In general, 

J A (AS = 0) = ji 9) (A5 = 0) + A 4 S) (A5 = 0), (10) 

where the constant A specifies the relative strength of the sea axial current operator J A ^ 
relative to the quark axial current operator J A . The reason for the presence of Aq is that 
Ja(AS = 0) is not a generator of a flavor symmetry as it involves the spin operator. At 
present, we have no a priori knowledge of the magnitude or sign of Aq. 

To be able to calculate Ga(B — > B') one has to specify J A (AS = 0) completely. In 
SQM, one has J A q) (AS = 0) = E q I+ } ^ q) and in analogy we take J A s) (AS = 0) = 2/| s) 
where Sf' is a spin operator which acts on the sea spin wavefunctions. Clearly, S^l-f/i^) = 
m\Hi tm ), m = ±1,0 and Sjf>\Ho) =0. As a result, only the vector sea with flavor will 
contribute to (B'\ J A s) (AS = 0)\B). 

Using these operators, the results for the matrix elements G A (B — > B') = (B'\J A \AS = 
0)| 5) and G { A \B -> B') = (B'\J A s) (AS = 0)\B) are given in columns 3 and 4 of Table 0. 
The full G A (B -> B') = G { l\B -> B') + AoG? (B -> 5') is to be used to confront data. 



It is worth remarking from Table IV that for transitions within an isomultiplet, the ratio 



G { l\B -> B') = B _ B , 

G V (B^B') v ; v ; K J 

It is not surprising that Eq. ( |Tl~D (a consequence of isospin for a d — > u transition) holds 
because our general wavefunction respects isospin. Another consequence of isospin (noted 
here for the first time because of the parameters in the wavefunction!) is the relation of 
G^ (£± -> A) to (Ad) s ° A (= -(Au) s ° A ) in Table 0. The relation in Eq. fly]) states that 
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Ga/Gv for the quark part in B — > B' is related to the difference of the spin carried by the 
decaying quark in B and B'. We will see below that a similar relationship with Ad replaced 
by As holds for the AS = 1 or s — > u transitions in the limit of SU(3) symmetry (see 
Eq. (|T3D below). 

B. AS = 1 decays 

At the quark level these decays are due to a s —>■ u transition. For these decays the current 
operators can be represented in terms of the lowering (raising) operators K_ (V + ) of the V- 
spin SU{2) sub-group of flavor 577(3). In our conventions |J, (s, u) form a doublet with 
V-\s) = \u). The corresponding l^-spin multiplets (with standard SU(2) phase conventions) 
in B(8) are (£~,n), (H°,S + ), (S~, (£° + V3A)/2,p), and (V3E°-A)/2, while those in S(8) 
are (SV-, S^o), (S^o, S n +), (S^- , (S^o + y/3S v )/2, S K +), and (VSS^o — S v )/2. The V-sp'm 
multiplets for the physical baryons can be obtained from B(8) by changing B — > B. 

a) Gy(B — ► 5'). The vector current operator J V (AS — 1) — V- the l/-spin lowering 
operator for the physical baryons. As it is a flavor generator one can write Jy(A5 = 
1) = 4 q) (AS = 1) + 4 S) (AS = 1) where J^AS = 1) = E q Vl g) and 4 s) (AS = 1) = 
vl^ are the y-spin lowering operators for B(8) and S(8) states. Using this one obtains 
G V (B -> B') = (B'|J V (AS = for A5 = 1 decays listed in Table 0. Since J y does 

not depend on spin but only flavor the scalar and vector sea parameters contribute in the 
same way to Gv{B — ► B'). Note that one calculates Gy{B — > B') initially in terms of the 
coefficients etc. (see Table |) However, on using Table [D], these expressions take a 

simple form in terms of the coefficients a(N) and b(N) (in Eq. (|l])) and it is these which 
are listed in Table 0. Furthermore, the relations y/2Gv(^° — ► p) — Gy(S~ — > n) and 
\Z2G^(S _ — > E°) = Gy(H° — ► S + ) are due to isospin and can be derived directly. For 
example, V2(p\V4Y?) = {p\V-I+\Sr) and since [V_,/+] = and (p\I+ = (n\ one has the 
result. These isospin relations will clearly hold for the corresponding GU's. In the SU(3) 
limit, when only the coefficients b , a(N), and b(N) N = 8p and 8d are non-zero in Eq. ([!]), 
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the physical baryons form a SU(3) octet. This means that V^-spin is a good symmetry. 
Indeed in this limit Gy(B — > B') (in Table |V|) become numbers (e.g. Gy(A — > p) — ^3/2, 
etc.) as they should. 

b) G A (B — > £>'). Corresponding to Eq. (|TCi| ) in the case of AS = SLD's one can write 

J A (AS = 1) = jJ^AS = 1) + A x 4 S) (A5 = 1), (12) 

in terms of a quark part J A \AS = 1) and a sea part (AS = 1). The constant A\ 
specifies the relative strength of sea axial current operator J A \AS = 1) to the quark axial 
current operator J A (AS = 1) since Ja(AS = 1) is not a generator. A\ plays the same role 
for AS* = 1 decays as A§ does for the AS* = decays. 

To calculate Ga(B — > B') = (B'\J A (AS = 1)\B) one has to specify J A and J^ A in 
Eq. dH). Since in SQM J A q) (AS = 1) = £ g V^af, so we take J A s) (AS = 1) = 2V (s) ' S [ z s) as 
was done for the AS = decays. Using these operators the results for the matrix elements 
Gf{B -> B') = (B'\J A q) {AS = l)\B) and G ( a \b -> 5') = J^ J (A5 = are given in 

Table [VT|. It is clear that only sea states with flavor and spin will contribute to G { a \b -> 5') 
(as in AS = case) so that it ultimately depends only on the coefficients b(N) in Eq. ([!]). 

It is clear from Eq. (|TJ), that G A (B -> 5') = (B'lJ^AS = = G^(B -> £') + 

AiG^(S — > £?') is to be compared with data. 

Some consequences of flavor symmetry need to be pointed out for the expressions in 
Table [VI]. Firstly, as expected, the explicit calculation confirm that the matrix elements obey 
the isospin relations V2G A {TP -> p) = GU(£~ -> n) and >/2G^(S" -> E°) = G A (E° -> £+). 
Furthermore, in the limit when the physical baryons form a 577(3) octet (i.e. a(N) = b(N) = 
for N = 1, 10, 10, 27 in Eq. ®) G a \b -> B') for AS = 1 decays can be expressed in 
terms of only (As) s given in Table [TTI|. One has 

Sfcly - <^ fl - < A "» B ' < 13 > 

So, for AS = 1 decays G A /Gy for the quark part in B — > B' is related to the difference of 
the spin carried by the decaying quark in B and B' . This result has not been noted earlier. 
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In summary, the presence of the sea component in the wavefunction modifies the ex- 
pression for Gy and Ga for the AS = 0, 1 decays. Since our wavefunction respects isospin 
and the AS = vector current is /+, the Gy(AS = 0) are just numbers as in SQM. The 
Gy{AS = 1) have simple dependence on the parameters since the AS = 1 vector current is 
a V^-spin generator. The Ga's for AS = 0, 1 SLD are more profoundly changed. The quark 
part acquires dependence on the wavefunction parameters because of the sea components. 

(s) 

In addition, there is a possible direct sea contribution G A which arises only from a vector 
sea with flavor. This is weighted by the effective parameters Aq and A± for AS = and 
AS = 1 decays. To gauge the effect of this direct sea contribution we attempt fits only with 
A , A x = or ±1 below. 

V. FITS TO THE COMBINED MAGNETIC MOMENT AND SLD DATA 

The excellent fits for the magnetic moments given in Sec. [TT1] can straightaway be used 
to predict the Ga/Gy for the 4 SLD's n — > p, A — > p, S~ — > n, and H~ — > A for which data 
are available. A contribution from Ga (direct sea contribution) arises only for Case 1. The 
numerical predictions are poor especially for n — > p and S~ — > n. The minimum x 2- fits to 
magnetic moments alone do not give acceptable fits to the SLD data. This situation changes 
profoundly when a combined fit to both the 8 magnetic moment data and 4 SLD Ga/Gv 
data is made with 1 or 2 more parameters to describe the sea, but reducing one of the yU^'s 
parameter, for example, by having m u = m d . 

A. Fits with experimental errors for all data 

The six parameter fits mentioned in Sec. [Il l] to magnetic moment data describe the 
sea in terms of only 3 parameters. Using these values of the 3 sea parameters to predict the 
SLD Ga/Gv gives at best a Xsld ~ 137 with A = Ax = for Case 1 and a x 2 °f 76 for 
Case 2. However, a combined fit to the SLD and magnetic moment data with 5 parameters 
to describe the sea and 2 parameters /x u and fi s (we put m u = m^) give an excellent fit 
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(given in Table |VII| ) with Aq = and A\ = — 1, which determine the strength of the direct 
sea contribution to G^(AS = 0) and Ga(AS = 1) respectively. Treating A and Ai as free 
parameters does not affect the \ 2 as their values come to be Aq = —0.016 and A\ = —1.01. 
Thus our combined fit gives xLg.mom. = O-^ Xsld = 0-3, with total x 2 /DOF — 1/5. if one 
considers A and A 1 as parameters then x 2 /DOF = 1/3. The values of the sea parameters, 
/i n , and n s are given at the end of Table [VI]] . 

Comparison of this 7 parameter fit with the earlier 6 parameter fits for magnetic moments 
alone reveals: 

1) The new values of /z^'s are close to the earlier ones. But, the fit has the nice feature 
that m u = md and m u /m s is closer to 0.6. 

2) The scalar sea is described by the 2 parameters gi(8f) and a(10) in all the three cases 
with values which are quite close. One finds the range of values a(8p) ~ —0.1536 to —0.1465 
and a(10) « 0.4941 to 0.5130. 

3) The vector sea in the 7 parameter fit is described by 3 parameters b = 0.3060, 
6(8p) = —0.3296 and b(10) = 0.2442. In contrast, the six parameter fits had only one 
parameter b = 0.4779 or 6(8 P ) = 0.5272. 

4) SU (3) breaking effects in the wavefunction in the fit of Table |V11| are due to the vector 
sea parameter 6(10) in addition to the scalar sea parameter a(10) of the earlier fits. 

5) The values of (Ag) p are similar except that they fit the experimental value of 
Ga/Gv{ti — * p) = (Au) p — (Ad) p precisely now. Also, the direct sea contribution 
G$(AS = 1) with A\ = —1 is necessary to fit the £~ — > n decay. 

In summary, at the expense of an extra parameter overall one obtains a better fit to 
magnetic moment data than before as well as fit the known SLD data using experimental 
errors throughout. 
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B. Fits with theoretical errors of for magnetic moments 



We consider such fits because all the fits in the literature (unlike our fits above) add an 
arbitrary theoretical error. The motivation for adding this error is that all magnetic moments 
are treated "democratically" . Otherwise, the extremely accurately measured \i v and //„ act 
as inputs to a minimum x 2_ fit- We add a theoretical error of 0.1/ijv m quadratures to the 
experimental errors for all the magnetic moment data. This is a popular choice [0,0]. An 
error of 0.1///V is fairly large (compared to the actual experimental errors) and facilitates a 
good fit with a few parameters only. This is true in our model also! A 3 parameter fit with 
inputs m u = rrid = 0.6m s and Aq = A\ = is given in column 4 of Table [VI I| . In this fit, 
the scalar and vector seas are described by one parameter each, namely a(10) and &(8d) 
respectively. 

How does our fit compare to other fits with O.lfi^ theoretical error? We give a comparison 



with the most recent fits ]T2[ refered to as CS below. Unlike us the model of CS does not 
fit /xe°a as it is not clear how to include it in their picture of 3-quark correlation within a 
baryon. For magnetic moments alone our fit give Xmag.mom./DOF = 3.8/5 compared to 4.4/4 
for Models All and AIII of CS, their best fits. An important difference in their and our model 
is reflected in the phenomeno logical values of (Aq) B . In particular, CS obtain (their Model 
AIII) (Au) p = 0.783, {Ad) p = -0.477, and (As) p = -0.147. This is to be contrasted with 
the fact that our fits yield (Au) p = 0.964, (Ad) p = -0.296, and (As) p = 0.008. Physically, 
our fits require a very tiny strange-quark content in the nucleon compared to their and other 
similar fits |[l,12]. Another physical difference is that in our case the valence quarks carry 
67% of the proton spin compared to about 16% in Model AIII of CS. 

C. Fits with smaller theoretical errors for magnetic moments 

Since all the magnetic moments, except for p and n, are known to three digits one can 
treat all of them democratically with a theoretical error of 0.001/itv. Using this error in 
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quadratures and the predicted numbers in Column 3 of Table [VI I| , one finds x 2 — 1 instead 
of 1.02 for experimental errors. An independent fit with theoretical errors of 0.001/i7v gives 
a x 2 = 1-0035. In fact, fits with theoretical errors of 0.001/iat or smaller are essentially 
equivalent to the fits using experimental errors (the changes being only in the fourth decimal 
place or after). The situation changes however when larger theoretical errors like 0.01/zat 
are used. We now turn to implications for the spin distribution of our model. 



VI. SPIN DISTRIBUTIONS 

The spin distribution, for baryon B is defined as 

Iib = [ giB(x)dx, (14) 

J 

where the spin structure function gis(x) occurs in polarized electron-baryon scattering. 
Experiment [fl],[13[] gives l\ v = 0.126 ± 0.018 and l\ n = —0.08 ± 0.06 which are very different 
from the SQM predictions l\ v = 5/18 = 0.2778 and I\ n = 0. One must note that the EMC 
experiment gives I\ p for (Q 2 ) = 10.7(GeV/c) 2 and this could be very different for the very 
low Q 2 0) result predicted by SQM or other theoretical models. This could mean that a 
model which gives value for Iib differeng by 2-3 standard deviations from experiment may 
be quite acceptable. 

In SQM, Ii B is given by the expectation value l[ q ^ = (B\l[ q '\B) where the quark operator 
l[ q) = (l/2)Z„ey z . This gives 

At = ^[4(A M ) B + (Ad) B + (As)*}. (15) 

(s) 

In our model in addition to the quarks there can be a direct sea contribution I\% = 
(B\l[ s ^\B) where by analogy we take = e 2 S^- Thus only the charged states in the 

(s) 

vector sea will contribute to For the nucleons, one obtains 

Putting the two contributions together we have 
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where B\ determines the strength of the direct sea contribution to the valence quark con- 
tribution. Since the value of Bi is not known a priori and phenomenologically it may be 
treated parameter. 

Using the fit to magnetic moment and SLD data with experimental errors given in 
Table |VTJ we can predict I 1B . One obtains l[f = 0.205, /{J = -0.005, while, 1^ = 0.044 
and = 0.057, where we have used {Au) p = 0.989, {Ad) p = -0.271, and {As) p = 0.009. 
If one keeps only the quark part, that is B\ = 0, then our J lp is much lower than the SQM 
value but still 4cr higher than experiment. This may be due to large (Q 2 ) in the experiment. 
Another possibility is to invoke the direct sea contribution. For example, with Bi = — 1 one 
obtains I\ p = 0.161 and J ln = —0.062 in good agreement with experiment. 

VII. SUMMARY 

In summary, we have shown that our model of the sea component in spin- 1/2 baryons 
can fit their magnetic moments, weak decay constants Ga/Gv for both AS = and 1 
semileptonic decays as well as nuclear spin distributions using experimental errors. To 
accomplish this one has to invoke a direct sea contribution for AS* = 1 decays and nucleon 
spin distribution. The sea was found to be both scalar (spin 0) and vector (spin 1). Two 
physical features of our fits are that about 70% of the proton spin resides with the valence 
quarks and they give a tiny strange-quark content to the nucleon. 
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TABLES 

TABLE I. Contribution to the physical baryon state B(Y, I, I3) formed out of B(Y, I, I3) and 
flavor octet states 5(Y, I, I3) (see third and fourth terms in Eq. (1)). The core baryon states B 
denoted by p, h, etc. are the normal 3 valence quark states of SQM. The sea octet states are 
denoted by S w + = 5(0, 1, 1), etc. as in Eq. (3). Further, (NS n )ij 3 , (T,S r )ij 3 , (ES n )i t i 3 , . . . stand 
for total /, ^3 normalized combinations of N and S n , etc. See Table II for the coefficients £j, £j, 
ji, and 5i. 



B(Y,I,I 3 ) B{YJ,h) and S(Y,I,I 3 ) 

p fapSr, + fcAS K+ + £3(^)1/2,1/2 + 04&S K )l/2,l/2 

n PihSr, + (3 2 AS K0 + fo(NS v ) 1/2 _ 1/2 + £ 4 (£5^)i/2,-i/2 

s ° Pi^°S v + £ 2 A5^o + £3(^5^)1/2,1/2 + £4(^5^)1/2,1/2 

s ~ 0i^~S v + £ 2 A5^- + £3(^5^)1/2,-1/2 + £4(^5^)1/2-1/2 

S+ jipS R0 + 72^°S K+ + 73A5,+ + 74^+5^ + ^{tS^ 

T,~ l\nS K - + 7 2 £-5 K o + 73^5^- + 7 4 £ _ 5,, + 7 5 (E5 7r )i ,_i 

S° li{NS R ) lfi + 72 (H5^)i,o + 7 3 A5 7r o + l4 t°S v + 75(^)1,0 

A <5i(A>5^) ,o + <MH5^)o,o + ^A5„ + 5±(tS n ) 0fi 
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TABLE II. The coefficients (3i, Pi, ji, and <5j in Table I expressed in terms of the coefficients 
a(N), N = 1, 8f, 8d, 10, 10, 27, in the 3 rd term (from scalar sea) in Eq. (1). The corresponding 
coefficients (3' i: and b\ determining the flavor of structure of 4 th term in Eq. (1) can be 
obtained from fy, etc. by the replacement a(N) — > b(N) (see text). 



^ = ^O^^ 7 ) _ a ( 8 °^ _ K a ( 8 F) + O(l"0)) 

^ 3 = -7TM 27 " 1 + 3a ( 8 °)) + 5(°( 8 f) - a(10)) 
^ 4 = "iiW 27 ) + M»T>)) + |(a(8 F ) - o(l"0)) 

71 = _^(V2a(27) - N/3a(8 D )) + (o(8 F ) - a(10) + a(fi>)) 

72 = ^(v / 2a(27) - %/3a(8 D )) - ^(o(8 F ) - o(10) + o(10)) 

73 = _^=(V3a(27) + V2a(8 D )) - ±(a(10) + o(10)) 

74 = ^(v / 3a(27) + v / 2a(8 D )) + i(a(10) + a(rO)) 

75 = -4=(2a(8 F ) + a(10) - a(10)) 



ft = ^!f( 3a ( 27 ) " a ( 8 °)) " 5(°( 8 f) - «( 10 )) 
A = v^5 (3a(27) _ a ( 8D ^ + l( a ( 8 F) - o(10)) 
& = "^W 27 ) + 3a ( 8 °)) + 2"( a ( 8 F) + a(10)) 
^ 4 = ^W 27 ) + 3a ( 8 n)) + |(«( 8 f) + o(10)) 
<$i = -i=(V3a(27) + v^o(8 D )) + i(v^a(8 F ) + a(l)) 
= -^ 5 (v / 3a(27) + v^a(8 D )) + 5(v^o(8 F ) - a(l)) 

6 * = 7IH 27 ) - 7i a ( 8D ) - "r a « 

5i = -^o a ( 27 ) - >/f a ( 8 D) + 
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TABLE III. (Aq) B defined in Eq. (8) for physical baryon B given by general wavefunction 
in Eq. (1). The normalizations Ni, N2, N3, and A4 are given in Eqs. (5). The (Ag) s ° A for the 
S° — > A transition magnetic moment is also given. 

( Am ) p = i^W 1 - 5 6 o) + + ¥t + fft ~ " -» 3)1 

(Ad)" = 5^t[-(1 - £&g) + (-ft? + f ft 2 + fft 2 + 2ftft) - §(ft - #)] (A.)" = ^[(Sft 2 - ft?) #)] 

(Au) n = (Ad)* (Ad)™ = (An)' (As)" = (As)' 
(A«) s ° = ^[-(1 - \bl) + (-ft? - i/3| + f ft 2 - 2/3 2/ 3 4 ) - i(ft -» $)] 
(Ad) 3 ° = 3^[(-|/3§ + fft 2 + 2/3 2 /3 4 ) - § (ft - ft)] (As) E ° = ^[4(1 - Iftg) + (4/3 2 + 3ft 2 + 4/3§ - ft 2 ) _ i (j g. ^ ^)] 

(A«) 5 ~ = (Acf) H ° (Ad) s ~ = (Au) H ° (As) 3- = (As) 5 ° 
( AM ) E+ = il^W 1 - I 6 o) + ( 4 7? " ll + 47l + 37? " ^7375) - §(7i -» 7,')] 
(Ad)^+ = 3^[(- 7l 2 + 7 2 + ^7375) - |(7, - 7^)1 (A*) E+ = ^[-(1 - |&§) + (4 72 2 + 3 7 | " 7 4 2 " 7 5 2 ) " £(7i "» 7^)1 
(Au) E ~ = (Ad) E+ (Ad) E ~ = (Au) E+ (As) E ~ = (As) E+ 
(A«) s ° = ±[(Au) s+ + (A«) E 1 (Ad) E ° = (Au) s ° (As) s ° = (As) s+ 
(A«) A = 3^[(f 8j - \&l + 281) - §(* 5 01 
(Ad) A = (Au)A (As) A = -A, [3(1 - i& 2 ) + (4 «5 2 + 35 | „ S 2 } _ i (5 . _> 

( A «) E ° A = iV^lTsC 1 - l fe o) + (717453 - ±73<5 4 + §7i«5l - §72.52 + ^75^4) - §( 7 i,fc - 7^)] 
(Ad) s ° A = -(Au) E ° A (As) E ° A = 
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TABLE IV. AS" = semileptonic decays. Total G V (B -► B') with G^{B -► B') and 
G^\b — > B'), the quark and direct sea contributions to total Ga(B — > B'). 

Decay G V {B ^ B') Gf \B -»• S') G { ^{B^B') 

n^p 1 (Ad)" -(Ad)* _*,($» + |^_i0«) 



E" - E° V2[(Ad) s - - (Ad) s °] |^( 7 f + 7 ^ 2 + 2 7 ^ 2 + 7 ^ 2 ) 

^2 G^E-^E ) G?(S-^S°) 

E+ - A V2(Ad) s ° A Sjfel^W^i + « + 

E- A -G?(E+ A) -G^ s) (E+ A) 
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TABLE V. Total G V (B -► B') for AS = 1 semileptonic decays. 



Decay G V {B ^ B') 

A^p y|^L_[i + 6 2 + 2 yfa 2 (27) + a 2 (8 D ) + a 2 (8 F ) + (a(iV) 6(JV))] 

S" - n ^[1 + 6 2 + 2a 2 (10) + 2y§a 2 (27) + a 2 (8 D ) + a 2 (8 F ) + (a(iV) - 6(7V))] 

S- - A V?^ 1 + 6 o + 2^(27) + a 2 (8 D ) + a 2 (8 F ) + (a(N) - 6(JV))] 

H- - S° ^-^[1 + ftg + 2a 2 (1()) + 2v /| a 2 (27) + a 2 (8D ) + a 2 (8p) + {a{N) ^ m)] 

E° £+ V2GV(~T -► E°) 
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TABLE VI. G%\B -> B') and G%\b -> 5') the quark and direct sea contributions to total 
Ga(B — > 5') for AS = 1 semileptonic decays. 

Decay G^ 9) (B — » B') and G^° (B -» B') 

A - P = IvlW [1 - l b l + ^ft + ^S 2 (-0 2 + 5^ 4 ) + ^ <5 4 ft - \{5i,h - 

g a s) = ^wrw-^m + m + m + 

(?) 



3a7vJ I 1 " 5 fe o " 7f 72(3/3 2 + 5ft0 - 3 73 ft + 74^1 + y/% 7 B fts - |(7i. ft -» 7,', ft')l 



q(s) _ 4 1 r 1 -,/ 



(s) -^ G W(S-^n) 



-A = 75 ^ [1 - I 6 ?' + 75- 51 ( 3 ^ 2 " + + 75 54 * - ±(5i,ft-^, ft')] 

= 2Vl^[^(^ " ft) + *sft ^ 75^4] 

♦ S ° G a' = iTf TO t 1 " 3 6 + 17171/32 + ^7ift - h3ft +74/3i + y§75/3 3 - i( 7 *,ft - 7<,ft)] 

G A = ¥ 1V7VI [7f 7 2 (3ft + ft) + 7 3 ft + 7 4 /3 4 + V^ftl 

£+ =v / 2G^ ) (S- ^E°) 

gW=^gW(s-^e") 
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TABLE VII. Combined fits to the semileptonic decay and magnetic moment data. All the 
magnetic moment values are given in nuclear magnetons, /Ujv- a ) Fit with experimental errors for 
all data, see Sec. V A| (column 3). b) Fit with theoretical errors of 0.1/i7v added in quadratures for 
magnetic moments, see Sec. [VB| (column 4). 



Data [14] 



a) Experimental errors 



b) Theoretical errors 



Mp) 

H(n) 
MA) 

Ms ) 
MS") 
Ms") 
M s ~) 

IMSA)| 



2.79284739 ±6 x 10~ s 
-1.9130428 ±5 x 10" 7 
-0.613 ±0.004 
2.458 ±0.010 



-1.160±0.025 
-1.250± 0.014 
-0.6507 ±0.0025 
1.61 ±0.08 



2.79284739 
-1.9130428 
-0.613 

2.458 

0.6396 
-1.179 
-1.251 
-0.6506 

1.59 



2.79239 
-1.96330 
-0.608 

2.538 

0.7186 
-1.101 
-1.151 
-0.5331 

1.55 



G A /G v (n- 

G A /G V (A- 
Ga/Gv(S" 
G A /G V (E- 



P) 
■P) 



•n) 
A) 



1.2601 ±0.0025 
0.718 ±0.015 
-0.340± 0.017 
0.25 ±0.05 



1.2599 
0.719 
-0.338 
0.22 



1.2598 
0.739 
-0.304 
0.22 



x7dof 



1.02/5 



10.70/9 



Inputs 



m d = m u 
A = 

Ai = -1 



m d = m u 

m s = (5/3)m u 

Aq = Ai = 



Fitted 
parameters 



H„ = 2.4900 
Us = -0.7785 
o(8f) = -0.1465 
a(10) = 0.5130 
b = 0.3060 
6(8 F ) = -0.3296 
6(l"0) = 0.2442 



fi u = 2.5166 
a(10) = 0.5280 
6(8 D ) = 0.5658 
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